Dental metal allergy and dental focal infection are possible causes of dermatological diseases, but have been the subjects of few reports to date. We have been treating such patients in our special clinic for more than 20 years.The purpose of the present study was to investigate the mouths of patients visiting our dental hospital over an 8-year period, with the aim of clarifying whether dental metal allergy and/or dental focal infection affects their dermatologic conditions.We surveyed all clinical records of the 185 patients who visited Niigata University Medical and Dental Hospital with chief complaints of dental metal allergy since 2002. Diagnostics of skin diseases, periodontal records, periapical lesions, dental caries, dental metal series patch test results and Electron Probed Micro-Analysis (EPMA) data were investigated. Ninety-two (49%) patients were suffering from pustulosis palmaris et plantaris and 20 (11%) patients had lichen planus. Eighty-two (49%) patients showed positive reactions on patch testing. Based on the result of patch tests, Ni showed the highest positivity rate (62%, 51 patients), but on EPMA, the number of patients with Ni as an allergen was 14 (27%). On the other hand, more than 98% of patients who showed positive reactions on patch test to Pd and Au had these metals in their dental prostheses. In addition, 112 (60%) patients showed the possibility of dental focal infections.
Introduction
Numerous Japanese currently suffer from allergic reactions to various substances, including chemicals, drugs, and metals. Dentists in particular have to be aware that the use of many materials, including metals, may cause severe allergic reactions.
The possibility of dental metal allergy was first introduced in 1928 1 and many clinical studies have since been published in Scandinavia and Japan 2,3 . However, the notion remains poorly understood in other parts of the world, and this is probably why research in this field is lacking. Therefore, it is of great importance to clarify the mechanisms of allergic reaction caused by dental metals in order to appropriately treat these patients.
As noted above, the etiology of metal allergy is poorly understood, despite recent increases in the number of patients in Japan. The major symptom of metal allergy is contact dermatitis, and this includes pustulosis palmoris et plantaris (PPP) and oral lichen planus (OLP). Metal ions alone do not act as allergens but haptens, which induce allergic reactions only when they interact with larger molecules 4 . Moreover, metal ions such as copper or zinc are indispensable to life, and these are typically consumed in foods or beverages. Nevertheless, these ions may be the cause of allergic reactions. Chronic inflammation in the body is also known to exacerbate symptoms 5, 6 . These factors complicate elucidation of the sensitization pathways. In addition to better understanding of the causes of metal allergy, collection of as much clinical data as possible is ne cessary in order to understand the current state of the disease.
We established the dental metal allergy clinic approximately 20 years ago and have since been accepting putative patients. The purpose of this study was to summarize the patients visiting our clinic with dental metal allergy since 2002. In each patient, we investigated the state of the oral cavity and relationships between the presence of metal ion allergy, chronic inflammation and other symptoms and factors.
Materials and Methods

Patients
In this study, patients who were referred to or visiting our hospital for testing, diagnosis, and treatment because of suspected dental metal allergy were selected from the clinical database of our allergy clinic in Niigata University Medical and Dental Hospital during the period between April 1, 2002 and January 31, 2010.
Investigated Items
Investigated items were gender, age, oral chronic inflammation including oral caries, periodontal disease, and periapical lesions, results of dental metal series patch test, Electron Probe MicroAnalysis (EPMA) and diagnostics of skin disease.
For investigation of oral chronic inflammation, we carried out oral examination with X-ray examination and probing for measurement of periodontal pocket depth.
Skin diseases were diagnosed by a dermatologist at Niigata University Medical and Dental Hospital, and patch test was carried out. Patients were patch tested with 20 ready-made reagents shown in Table  1 (Torii Pharmaceutical Corporation, Tokyo, Japan). Skin reactions were observed at 2, 3, and 7 days, and were evaluated according to the International Contact Dermatitis Research Group (ICDRG) standards (Table 2) .
Prosthetic metal materials were analyzed by EPMA (EPMA-1610, Shimadzu, Japan), which was performed in patients showing positive results on patch test. Metal samples were collected by sand paper scraping without damage to prostheses.
This survey was performed in accordance with the ethical guidelines for epidemiologic research under the Helsinki accord, and with the permission of the Niigata University Ethics Committee. 
Results and Discussion
Subjects
The number of patients who were suspected of having a dental metal allergy was 185 (63 male, 122 female), and the male/female ratio was about 1:2. The mean patient age was 52 years (male patients, 51.5 years; female patients, 52.3 years). Patient age distribution is shown in Figure 1 .Most male patients were in their 60s (20 patients, 20/63:31%), followed by the 50s (13 patients, 13/63, 20%) and 40s (10 patients, 10/63, 16%). Meanwhile, most female patients were in their 50s (36 patients, 36/122, 30%), followed by the 60s (24 patients, 24/122, 20%), 30s (23 patients, 23/122, 19%) and 40s (18 patients, 18/122, 15%).
Disease distribution
The dermatologist diagnosed 92 patients (92/185, 49%) as having PPP and 20 patients (20/185, 11%) as having OLP. Eleven patients (11/185, 6%) were diagnosed as having contact dermatitis, and other patients were diagnosed with eczema dyshidrosiforme, cheilitis, stomatitis, glossalgia, and atopic dermatitis (Table 3) .
Chronic inflammation
Oral examination revealed that 98 patients (98/185, 53%) had periodontal disease and 55 patients (55/185, 30%) had periapical lesions. The total number (ratio) of patients with periodontal disease and/or periapical lesions was 112 (112/185, 60%). 
Allergen, dental focal infection, and disease
The male/female ratio among 92 PPP patients was 1:2 and the number of patients with at least one allergen metal was 41 (41/92, 45%). The most frequently positive allergen metals were palladium and gold. The number of patients who had putative focal infection was 57 (57/92, 62%). Among the 20 OLP patients, male/female ratio was 1:3, and the number of patients who had at least one allergen metal was 10 (10/20, 50%). The most frequently positive allergen metal was gold, and the number of patients who had putative focal infection was 14 (14/20, 70%).
Among the 11 contact dermatitis patients, the male/female ratio was 1:1. The number of patients who had at least one allergen metal was 7 (7/11, 64%), and the most frequently positive allergen metals were palladium and gold. The number of patients who showed putative focal infection was 9 (9/11, 82%).
Patch-test and EPMA
The number of patients who underwent patch testing was 166 (Figure 2 The co-incidence of patch test-positive metal ions and ions detected on EPMA analysis differed from the independent results as shown in Table 4 . Metal ions that showed the highest co-incidence rates were thought to be the most likely allergens, and included palladium (32 patients, 32/32, 100%), gold (33 patients, 33/35, 94%), chromium (19 patients, 19/49, 39%). The male/female ratio of patients who visited our clinic with dental metal allergy during the investigated period was 1:2, similar to a previously identified trend 3, 7 . There have been no reports to date identifying the reasons for such a gender-based difference, but it might have simply been due to a difference in available time to visit the hospital, as the proportion of women who do not work during the day is larger in Japan. In addition, it is possible that because women tend to wear metal accessories for longer periods, they may have a higher degree of sensitization. However, the fact that the average age was almost the same in male and female patients largely rules these reasons out. In terms of the age distribution among the patients, the increase in female patients with age indicates that sensitization to dental metal ions takes a long period of time, but it is possible that dental metals can cause allergic reactions even after long periods of time.
Among the 185 patients included in this study, 92 were suffering from PPP, a much higher proportion than in previous reports 3, [7] [8] [9] . This was probably because several reports have indicated the relationship between PPP and dental metal allergy and/or chronic inflammation, and many patients and dermatologists are now aware of this relationship. PPP and OLP, as well as contact dermatitis, are reported to be effectively treated by allergen removal and/or oral prophylaxis. In contrast, few patients were diagnosed with atopic dermatitis. This may have been because dermatologists at our hospital believe that it is more difficult to relate atopic dermatitis and dental metal allergy.
A total of 61% of patients were confirmed to have periodontal disease and/or periapical lesions. Even though this rate is very high, it does not nece ssarily mean that chronic inflammation is the cause of allergic symptoms. It may be necessary to compare the rate of chronic inflammation between aller gic patients and a control group with no such symptoms.
It is thought that chronic inflammation, such as tonsillitis, may be related to the etiology of PPP. However, within the limitations of this study, we were unable to identify any correlation between these conditions among our patients. At the same time, we were unable to identify a clear causative relationship between metal ions and disease. Further investigation is thus needed.
Nickel was the most frequent metal ion to give positive results on the patch test; this is the same result as in previous reports. This is probably because human beings tend to show long and frequent exposure to nickel. Nickel has been used in plated commodities and cosmetics, and it has since been reported that nickel hypersensitivity is one of the most common metal allergy. Dentists therefore should avoid using nickel in dental treatments. It was recently reported that nickel ions triggered an inflammatory response by directly activating human toll-like receptor 4, and this could a reasonable explanation for the high positivity rate for nickel on the patch test 10 . In Japan, palladium alloy is most commonly used metal in dentistry because the Japanese health insurance system allows using the alloy. Many of the metal ions showing high co-incidence between the patch test and EPMA results are used as dental alloy constituents. We should therefore consider substituting these with non-allergenic materials, even when patients do not show clear symptoms. The continued use of these metals may increase the number of allergic patients in the future.
Conclusion
In the present study, we investigated patients with complaints thought to be related to dental metal allergies. However, the number of patients was quite limited, and it was difficult to clearly identify the contribution of metal ions and/or chronic inflammation to diseases. We must therefore continue to collect precise data on such patients in order to elucidate the etiology and provide appropriate treatment.
Clinical records of the 185 patients who visited Niigata University Medical and Dental Hospital with chief complaints of dental metal allergy since 2002 showed49% patients were suffering from pustulosis palmaris et plantaris and 11% patients had lichen planus.Meanwhile, 49% patients showed positive reactions on patch testing. It was shown that Nihad the highest positivity rate, but on EPMA, the number of patients with Ni as an allergen was 27%. On the other hand, more than 98% of patients showed positive reactions on patch test to Pd and Au, and had these metals in their dental prostheses. In addition,60% patients showed the possibility of dental focal infections.
